This work is focused on unsteady, two-dimensional, laminar, boundary-layer flow of a viscous, incompressible, electrically conducting and heat-absorbing fluid along a semi-infinite vertical permeable moving plate in the presence of a uniform transverse magnetic field and first order chemical reaction. The plate is assumed to move with a constant velocity in the direction of fluid flow while the free stream velocity is assumed to follow the exponentially increasing small perturbation law. The governing equations of this problem are solved using perturbation technique and the solutions for velocity, temperature, concentration, skin friction coefficient, Nusselt number and Sherwood number are obtained. The effects of various thermo physical parameters such as Schmidt number, magnetic parameter, chemical reaction parameter, solutal Grashof number, thermal Grashof number, Panduit number and heat absorption parameter over the velocity, temperature, concentration, skin friction coefficient, Nusselt number and Sherwood number are discussed through graphs and tables.
Introduction
Free convection arises in the fluid when temperature changes cause density variation leading to buoyancy forces acting on the fluid elements. The study of heat and mass transfer to chemical reacting MHD free convection flow with radiation effects on a vertical plate has received a growing interest during the last decades. Accurate knowledge of the overall convection heat transfer has vital importance in several fields such as thermal insulation, drying of porous solid materials, heat exchanges, stream pipes, water heaters, refrigerators, electrical conductors and industrial, geophysical and astrophysical applications, such as polymer production, manufacturing of ceramic, packed-bed catalytic reactors, food processing, cooling of nuclear reactors, enhanced oil recovery, underground energy transport, magnetized plasma flow, high speed plasma wind, cosmic jets and stellar system. For some industrial applications such as glass production, furnace design, propulsion systems, plasma physics and spacecraft re-entry aerothermodynamics which operate at higher temperatures and radiation effect can also be significant. Cheng and Minkowycz [1] have presented similarity solutions for free thermal convection from a vertical plate in a fluid-saturated porous medium. The problem of combined thermal convection from a semi-infinite vertical plate in the presence or absence of a porous medium has been studied by many authors. Nakayama and Koyama [2] have studied pure, combined and forced convection in Darcian and non-Darcian porous media. Lai and Kulacki [3] have investigated coupled heat and mass transfer by mixed convection from an isothermal vertical plate in a porous medium. Hsieh et al [4] . has presented non-similar solutions for combined convection in porous media. Chamkha [5] has investigated hydro magnetic natural convection from a iso-thermal inclined surface adjacent to a thermally stratified porous medium. Bestman [6] examined the natural convection boundary layer with suction and mass transfer in a porous medium. His results confirmed the hypothesis that suction stabilises the boundary layer and a ords the most e cient method in boundary layer control yet known. Abdus Sattar and Hamid Kalim [7] investigated the unsteady free convection interaction with thermal radiation in a boundary layer flow past a vertical porous plate. Makinde [8] examined the transient free convection interaction with thermal radiation of an absorbingemitting fluid along moving vertical permeable plate. Recently, Ibrahim et al. [9] have studied non classical thermal e ects in Stokes' second problem for micro polar fluids by used perturbation method. Muthucumaraswamy and Ganesan [10] studied e ect of the chemical reaction and injection on flow characteristics in an unsteady upward motion of an isothermal plate.
Problem Formulation
Consider unsteady two-dimensional flow of a laminar, incompressible, viscous, electrically conducting and heat absorbing fluid past a semi-infinite vertical permeable moving plate embedded in a uniform porous medium and subjected to a uniform transverse magnetic field in the presence of thermal and concentration buoyancy e ects. The governing equations for this investigation are based on the balances of mass, linear momentum, energy and concentration species. Taking into consideration the assumptions made above, these equations can be written in Cartesian frame of reference, as follows
where x*, y*, and t* are the dimensional distances along and perpendicular to the plate and dimensional time, respectively. U* and * are the components of dimensional velocities along x* and y* directions, respectively, is the fluid density, is the kinematic viscosity, cp is the specific heat at constant pressure, is the fluid electrical conductivity, B0 is the magnetic induction, K* is the permeability of the porous medium, T is the dimensional temperature, Q0 is the dimensional heat absorption coe cient, c is the dimensional concentration, is the fluid thermal di usivity, D is the mass di usivity, g is the gravitational acceleration, and T and c are the thermal and concentration expansion coe cients, respectively. The magnetic and viscous dissipations are neglected in this study. Under these assumptions, the appropriate boundary conditions for the velocity, temperature and concentration fields are 
where up*, cw and Tw are the wall dimensional velocity, concentration and temperature, respectively. U * ,, c and T are the free stream dimensional velocity, concentration and temperature, respectively. U0 and n* are constants.
It is clear from Eq. (1) that the suction velocity at the plate surface is a function of time only. Assuming that it takes the following exponential form:
where A is a real positive constant, and A are small less than unity, and V0 is a scale of suction velocity which has non-zero positive constant. Outside the boundary layer, Eq. (2) gives
It is convenient to employ the following dimensionless variables:
In view of Eqs. (7)- (9), Eqs. (2) - (4) reduce to the following dimensionless form:
And Gc, GT, Pr, and Sc are the solutal Grashof number, thermal
Grashof number, Prandtl number, dimensionless heat absorption coe cient the Schmidt number, respectively. By setting Kr equal to zero Eqs. (12) reduce to those reported by Chamka [11] The dimensionless form of the boundary conditions (5) and (6) 
,
Solution of the Problem
Eqs. (10)- (12) ( 1 7 ) Substituting Eqs. (15)- (17) into Eqs. (10)- (12), equating the harmonic and non-harmonic terms, and neglecting the higher-order terms of , one obtains the following pairs of equations for (f0, g0, h0) and (f1,g1,h1)
Where a prime denotes ordinary di erentiation with respect toη . The corresponding boundary conditions can be written as
Without going into detail, the solutions of Eqs. (18)- (23) The skin-friction coe cient, the Nusselt number and the Sherwood number are important physical parameters for this type of boundary-layer flow. These parameters can be defined and determined as follows: 
Results and discussion
Numerical evaluation of the analytical results reported in the previous section was performed and a representative set of results is reported graphically in Figs. 1-7 . These results are obtained to illustrate the influence of the chemical reaction parameter Kr, the Schmidt number Sc, the heat absorption coefficient , the magnetic field parameter M on the velocity, temperature and the concentration profiles, while the values of the physical parameters are fixed at real constants, A = 0.5, = 0.2, Gt=2, Gc=1, M=0,Sc=0.6,k=0.5, = 1, the frequency of oscillations n = 0.1, scale of free stream velocity up = 0.5, Prandtl number Pr = 0.7 and t = 0.5. Figs. 1-2 display results for the velocity and concentration distributions, respectively. It is seen, that the velocity and concentration decreases with increasing the chemical reaction parameter c, Also, we observe that the magnitude of the stream wise velocity decreases and the inflection point for the velocity distribution moves further away from the surface. Figs. 3 and 4 illustrate the influence of the heat absorption coe cient on the velocity and temperature profiles, respectively. The presence of heat absorption (thermal sink) e ects has the tendency to reduce the fluid temperature. This causes the thermal buoyancy e ects to decrease resulting in a net reduction in the fluid velocity. These behaviours are clearly obvious from Figs. 3 and 4 in which both the velocity and temperature distributions decreases as increases. It is also observed that both the hydrodynamic (velocity) and the thermal (temperature) boundary layers decrease as the heat absorption e ects increase. Figs. 5 and 6 display the e ects of the Schmidt number Sc on the velocity and concentration profiles, respectively. As the Schmidt number increases, the concentration decreases. This causes the concentration buoyancy e ects to decrease yielding a reduction in the fluid velocity. The reductions in the velocity, temperature and concentration profiles are accompanied by simultaneous reductions in the momentum and concentration boundary layers thickness. These behaviours are clearly shown in Fig. 5 and 6 . For di erent values of the magnetic field parameter M, the velocity profile is plotted in Fig. 7 . It is obvious that the e ect of increasing values of magnetic field parameter results in a decreasing velocity distribution across the boundary layer. fig. 3 
Conclusions
The plate velocity was maintained at a constant value and the flow was subjected to a transverse magnetic field. The resulting partial deferential equations were transformed into a set of ordinary deferential equations using two-term series and solved in closed-form. Numerical evaluations of the closed-form results were performed and some graphical results were obtained to illustrate the details of the flow and heat and mass transfer characteristics and their dependence on some of the physical parameters. It was found that the velocity profiles decreased due to increases the chemical reaction parameter. However, the presence of heat absorption e ects caused reductions in the fluid temperature which resulted in decreases in the fluid velocity. Also, when the Schmidt number was increased, the concentration level was decreased resulting in a decreased fluid velocity. In addition, it was found that the skinfriction coe cient increased due to increases in the concentration buoyancy e ects while it decreased due to increases in either of the heat absorption coe cient or the Schmidt number. However, the Nusselt number decreased as the heat absorption coe cient was increased.
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